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ABSTRACT
Hairless rats were topically treated with a combination of 10% curcumin and
3% ginger extract (or with each agent alone) for a 21-day period. Following this,
the rats were treated topically with Temovate (corticosteroid) for an additional
15 days. At the end of the treatment period, superficial abrasion wounds
were induced in the treated skin. Abrasion wounds healed more slowly in the
skin of Temovate-treated rats than in skin of control animals. Healing was more
rapid in skin of rats that had been pretreated with either curcumin or ginger ex-
tract alone or with the combination of curcumin–ginger extract (along with Tem-
ovate) than in the skin of rats treated with Temovate and vehicle alone. Skin
samples were obtained at the time of wound closure. Collagen production was
increased and matrix metalloproteinase-9 production was decreased in the re-
cently healed skin from rats treated with the botanical preparation relative to rats
treated with Temovate plus vehicle. In none of the rats was there any indication
of skin irritation during the treatment phase or during wounding and repair.
Taken together, these data suggest that a combination of curcumin and ginger
extract might provide a novel approach to improving structure and function in
skin and, concomitantly, reducing formation of nonhealing wounds in ‘‘at-risk’’
skin.
The skin deteriorates as a consequence of the natural aging
process.1,2 Extended use of corticosteroids also causes skin
damage as these agents dramatically inhibit collagen syn-
thesis.3,4 Finally, metabolic diseases such as diabetes lead
to extensive skin damage.5,6 In all of these conditions, col-
lagen synthesis is decreased, and collagen-degrading ma-
trix metalloproteinases (MMPs) are increased. Skin that
has severe connective tissue deficits is prone to bruising.
When damaged skin suffers minor abrasion-type injuries,
the wounds heal more slowly. Often, such wounds do not
heal at all, but go on to form chronic ulcers with devastat-
ing consequences.1,2,7–9
All-trans retinoic acid (RA) is the only agent currently
approved by the Food and Drug Administration (FDA)
for the purpose of skin repair. Past studies have docu-
mented the capacity of RA to increase production of type I
procollagen and decrease elaboration of severalMMPs.10–12
Not surprisingly, a number of past studies have docu-
mented beneficial effects of RA and other biologically ac-
tive retinoids in wound healing models.13–16 Our own
studies have shown that retinoid pretreatment of ‘‘at-risk’’
skin improves the healing of subsequently induced super-
ficial abrasion wounds.17,18 While prophylactic use of RA
as a wound preventative is an attractive strategy for indi-
viduals with severely damaged skin, topical retinoid use
elicits skin irritation in most individuals.19–21 Skin irrita-
tion is the major reason for noncompliance among ret-
inoid users. Further, if irritation is too great, the
inflammatory changes can counteract the beneficial effects
on collagen metabolism or even increase the susceptibility
of the skin to wounding.
Efforts to identify other agents with skin-repair potential
are underway in several laboratories. In the present study
we demonstrate that pretreatment of hairless rats with a
combination of two natural agents—i.e., curcumin (major
curcuminoid in turmeric) and a 6-gingerol-enriched extract
of ginger root—improves healing of superficial abrasion
wounds that are subsequently induced in corticosteroid-
treated (at-risk) skin. This is accomplished in the absence of
significant skin irritation. Both curcumin and 6-gingerol (ei-
ther highly pure or in a ginger root extract) have a variety of
effects on the skin that may contribute to improved wound
healing. Gingerol, in particular, is known to have anti-oxi-
dant and anti-inflammatory properties,22–25 and has been
reported to promote new blood vessel formation.22 Cur-
cumin has also been shown to possess anti-oxidant proper-
ties.26–28 Perhaps more importantly, curcumin promotes
collagen production and reduces MMP levels.29–31 While
there is little information on the value of 6-gingerol as a
wound preventative, several studies have suggested the ben-
eficial effects of curcumin as a wound healing agent.28–30,32–34
Given the overlapping, but complementary, activities in
these two preparations, we decided to assess them in com-
bination for effects on skin structure/function.
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MATERIALS AND METHODS
Hairless rats
Male CD hairless rats (250–300 g) were purchased from
Charles River Laboratories (Portage, MI). Rats were
housed in temperature and light-controlled rooms and
given water and feed ad libitum. All studies involving an-
imals were approved by the University of Michigan Com-
mittee on Use and Care of Animals.
Curcumin
The Indian spice turmeric (Curcumin longa) contains three
major curcuminoids, namely, curcumin, demethoxycur-
cumin, and bisdemethoxycurcumin. Curcumin is the most
abundant of the three. The preparation of curcumin used
here was obtained from LKT Laboratories Inc. (St. Paul,
MN). The concentration of curcumin in the preparation
was 93.6% with other curcuminoids accounting for 5.7%
of the total as determined by high performance liquid
chromatography (HPLC).
6-Gingerol-enriched ginger extract
The ginger extract used here was a viscous, amber sub-
stance obtained by CO2 extraction from pulverized-ginger
roots (Zingiber officinale) (Jarchem, Newark, NJ). 6-Gin-
gerol constitutes approximately 22% of the extract on a
per weight basis as determined by HPLC.
Topical treatment and abrasion wound model
The botanicals were dissolved in dimethyl sulfoxide
(DMSO) at 10.0% for curcumin and 3% for the ginger ex-
tract. The concentrations chosen for the two botanicals
were based on results of preliminary in vitro studies (not
shown).
Hairless rats were treated daily for 21 days topically
over the back and flank with 500mL of solutions contain-
ing 10% curcumin, 3% ginger extract, or the combination
of the two. DMSO alone served as control. During the
treatment phase, animals were examined daily for changes
in the gross appearance of the skin. After the initial 21-day
pretreatment period, rats were treated with Temovate
cream along with the botanicals for an additional 15-day
period. Temovate (0.05% solution of clobetasol propio-
nate in cream base) was obtained from Glaxo Smith Kline
(Philadelphia, PA). Temovate was applied in the morning
and the botanicals were applied in the evening. At the end
of the treatment period, abrasion wounding was per-
formed as described previously.18 Briefly, under general
anesthesia (ketamine/xylazine), paravertebral skin from
the back and flanks was cleaned with 70% ethanol. A pre-
measured circular area, approximately 6 cm in diameter,
was scrubbed with a stiff nylon bristle brush lightly wetted
with acetone and concomitantly abraded with a piece of
course sanding sponge. Abrasion was sufficient to remove
the thin epidermis and the upper part of the subepithelial
stroma. Oozing of fluid (with a small amount of blood)
into the abraded area indicated that the appropriate de-
gree of abrasion had been achieved. The degree of injury
was designed to approximate abrasions that commonly
occur after a minor scrape. Wounding was performed un-
der sterile conditions in a laminar flow hood. Wound size
was determined daily by measuring the X- and Y-axis of
the scabbed wound and calculating the area of the remain-
ing scab.
At the time of wound closure, animals were sacrificed
and duplicate 6mm skin punches were collected from the
wounded and healed skin area. One biopsy was fixed in
10% buffered formalin and used for histological analysis.
The other biopsy was put in organ culture for 2 days.
Briefly, the skin was cut into pieces of approximately 2mm
on a side, and the pieces were incubated for 3 days in
0.5mL of a culture medium consisting of growth factor-
free, serum-free, Keratinocyte Basal Medium (Lonza,
Walkersville, MD). Before use, the culture medium was
supplemented with Ca21 to a final concentration of
1.55mM. At the end of the 2-day incubation period, the
organ culture fluid was collected and assayed for soluble
type I collagen by Western blotting and MMP-2 and -9 by
gelatin zymography. The organ culture protocol was as
described in a previous report.35
Soluble type I collagen
Organ culture fluids were assayed for type I collagen by
Western blot analysis.18 Briefly, organ culture fluids repre-
senting an equal quantity of protein were resolved using
8% Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) under nonreducing conditions and
transferred to nitrocellulose membranes. The membranes
were blocked with 5% nonfat milk solution in Tris-
buffered saline with 0.1% Tween (TTBS) for 1 hour at
room temperature. Following this, they were incubated
overnight with a rabbit antibody to rodent type I collagen
(1 : 10,000 dilution) (Abcam Inc., Cambridge, MA) in the
same buffer at 4 1C. The membranes were then washed
with TTBS and bound antibody was detected using the
Phototope-HRP Western detection kit (Cell Signaling
Technologies Inc., Danvers, MA). Images were scanned,
digitized, and quantified using NIH image analysis soft-
ware.
MMP-2 and MMP-9
Gelatin-embedded enzymography (zymography) was used
to assess levels of latent and active MMP-2 and -9 in organ
culture fluids as described previously.18 SDS-PAGE gels
were prepared with the incorporation of gelatin (1mg/mL)
at the time of casting. After electrophoresis under nonre-
ducing conditions to separate proteins and overnight in-
cubation to allow for substrate digestion, zones of
hydrolysis were identified as ‘‘holes’’ in the stained gels.
Values for latent and active MMP-2 and -9 bands were
obtained following digitization and quantification.
Statistical analysis
Data were analyzed using one-way analysis of variance
(ANOVA) followed by the Bonferroni posttest for selected
pairs (GraphPad Prism Version 4.00 for Windows, Graph-
Pad Software, San Diego, CA). Data were considered sig-
nificant at p < 0.05.
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RESULTS
Topical treatment with curcumin and ginger extract
increases type I collagen and decreases MMP-9 in the
skin of healthy hairless rats
Based on preliminary in vitro experiments, in which a wide
range of concentrations of both curcumin and the ginger
extract were tested (not shown), healthy hairless rats were
treated topically once daily for 15 days with solutions con-
taining 10% curcumin, 3% ginger extract, or the combi-
nation of the two. Control rats were treated with DMSO
alone. Animals were monitored closely during the treat-
ment period for visible changes in gross appearance of the
skin. Figure 1 shows the appearance of the skin from an-
imals at the end of the 15-day treatment period. Features
to note include a consistent reduction in mottling seen with
the ginger extract, coupled with the development of a
slight, but clearly visible, pink hue. The only consistent
feature of curcumin-treated skin was a slight discoloration
of the skin—i.e., the skin had a reddish-yellow tone. Inter-
estingly, in the presence of the ginger extract, the colora-
tion due to curcumin was substantially muted. No
irritation was observed with either curcumin or ginger ex-
tract alone or with the combination of the two.
At the end of the treatment period, duplicate biopsies
were obtained from the treated site of each animal. One of
the biopsies was examined at the light microscopic level
after formalin fixation and staining with hematoxylin and
eosin (Figure 2). Overall changes included a slight thick-
ening of the epidermis (seen primarily, with curcumin)
along with a change in basal epithelial cell shape from
cuboidal/compressed to columnar. In skin from rats trea-
ted with the ginger extract (alone or in combination with
curcumin), a consistent feature was an increase in the
number of superficial blood vessels. Vessels were counted
in duplicate sections and Table 1 summarizes blood vessel
counts. As expected, because the treatment period was
short, no consistent changes were observed in the structure
of the dermal matrix from any of the treatment groups rel-
ative to the control.
The second biopsy was incubated in organ culture for 2
days. At the end of the incubation period, organ culture
fluids were collected and analyzed for soluble type I colla-
gen as well as for MMP-2 and -9. Organ culture fluid from
skin sites treated with curcumin and from skin sites treated
with the combination of curcumin and ginger extract had
increased type I collagen and decreased MMP-9 as com-
pared with control skin organ culture fluid (not shown).
There was also a decrease in MMP-2 but it was not as sub-
stantial as the decrease in MMP-9. Based on these find-
ings, subsequent wounding studies were conducted with
10% curcumin and/or 3% ginger extract.
Topical pretreatment with curcumin and ginger extract
improves abrasion wound healing in skin of
corticosteroid-treated hairless rats
In the next series of experiments, hairless rats were treated
with curcumin and ginger extract (alone or in combina-
tion) for 21 days. Following this, animals were treated
once daily for an additional 15 days with corticosteroid
(Temovate). Treatment with the curcumin and ginger ex-
tract was continued. Hairless rats that had been treated
with vehicle alone during the initial 21-day period were
also treated daily with the corticosteroid. These animals
continued to receive DMSO as a control. At the end of the
treatment phase, abrasion wounds were induced in all an-
imals and healing times were recorded. Three independent
experiments with three animals in each group were con-
ducted and the pooled data are presented in Figure 3.
Wound closure in the corticosteroid-treated animals was
slower than in the non-steroid–treated control animals.
Wound closure was improved in those steroid-treated rats
that also received either curcumin or ginger extract alone
as compared with vehicle alone. Rats treated with the
combination of curcumin and ginger also showed im-
proved wound healing rates.
At the time of wound closure, duplicate biopsies were
obtained from the center of the initial wound (most re-
cently healed skin). As was done with nonwounded skin,
one biopsy was examined histologically and the other
placed in organ culture. When examined at the light mi-
croscopic level, skin from all groups looked similar. Epi-
dermal hyperplasia was evident and the dermis was
characterized by the presence of a provisional matrix
Figure 1. Gross appearance of hairless rat skin following treat-
ment for 15 days with dimethyl sulfoxide (DMSO), 10% cur-
cumin, 3% ginger extract, or the combination of curcumin and
ginger extract. DMSO-treated skin has a slightly mottled ap-
pearance (similar to what was seen in control skin). Skin from
curcumin-treated rats has a similar appearance but is stained a
reddish-yellow. Skin treated with ginger extract has a much
more pinkish-hue than DMSO-treated skin and there is virtually
no mottling. Skin treated with the combination of curcumin and
ginger extract has features seen in skin treated with either
agent alone. It has lost its mottled appearance and, although it
still demonstrates staining from the curcumin, the intensity of
staining is diminished.
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separating the recently healed epidermis from the underly-
ing collagen (not shown).
There were differences in organ culture fluid among the
treatment groups. As seen in Figure 4, type I collagen was
reduced in the culture fluid from skin of rats treated with
Temovate as compared with control animals. This is con-
sistent with past results18 demonstrating steroid inhibition
of collagen production in the skin following topical treat-
ment. Rats treated with curcumin and/or ginger extract
before corticosteroid treatment (and during steroid treat-
ment) showed elevated levels of type I collagen as com-
pared with rats treated with Temovate and vehicle alone.
Interestingly, collagen levels were higher following cur-
cumin treatment (along with Temovate) than were colla-
gen levels in control culture fluids (i.e., from rats not
exposed to Temovate). The ginger extract alone also in-
creased type I collagen levels in skin from Temovate-
treated rats, but not to the same extent as curcumin alone
or curcumin and ginger extract together.
Gelatin zymography data are presented in Figure 5. It
can be seen from the figure that levels of both MMP-2
and -9 were elevated in organ culture fluid of skin from
Temovate-treated rats relative to levels in control rat skin
organ culture. Levels of both enzymes were reduced by
treatment with the curcumin–ginger extract. MMP-9 was
more sensitive to modulation than wasMMP-2. With both
enzymes, the decrease was observed equally in the latent
and active forms, suggesting that neither agent prevented
processing of latent enzyme forms.
DISCUSSION
Superficial wounds that occur in healthy skin are expected
to heal without incident. In contrast, wounds in chroni-
cally damaged or atrophic skin heal more slowly and often
go on to form nonhealing ulcers with devastating conse-
quences.1–4,7–9 Multiple factors contribute to impaired
wound healing. Past studies suggest that damage to the
underlying connective tissue is a major impediment to effi-
cient wound closure. When there is extensive damage to
the type I collagen in the dermis (i.e., the major connective
tissue element in the dermal matrix), function of the major
Figure 2. Histological appearance of
rat skin following treatment for 15
days with dimethyl sulfoxide
(DMSO), 10% curcumin, 3% ginger
extract, or the combination of cur-
cumin and ginger extract. Features
to note include a slight thickening of
the epidermis in the skin from cur-
cumin-treated rats (with or without
ginger) and a more columnar appear-
ance of cells in the basal epithelium.
There were no major changes in the
appearance of the dermal matrix in
any of the treatment groups relative
to the DMSO control. In skin from
ginger extract-treated animals (with
or without curcumin) there was an
increase in the number of blood ves-
sels in the immediate sub-epithelial
dermis as compared with DMSO-
treated skin. Increased vessel forma-
tion was not observed in the skin of
rats treated with curcumin alone.
Scale bar575 mm.
Table 1. Number of blood vessels immediately below the epi-
dermis in the skin of hairless rats following treatment for 15
days with curcumin and/or ginger extract
Treatment group Number of blood vessels
DMSO 9 8
Curcumin 11 4
Ginger extract 23 6n
Curcumin plus ginger extract 15 7
Values are means and standard deviations based on duplicate
histological sections from three or four animals per treatment
group. Values were analyzed for statistical significance by
ANOVA followed by paired group comparisons.
nStatistically significant difference from the DMSO group at
p < 0.05.
ANOVA, analysis of variance; DMSO, dimethyl sulfoxide.
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cell types in the skin is compromised. For example, con-
nective tissue production in the dermis is reduced.36,37 and
keratinocyte coverage of the open wound surface is slo-
wed.38 Chronic inflammation and decreased vasculature
are other impediments. Similar to what is seen when cells
interact with damaged collagen, function of resident skin
cells is compromised by the lack of healthy vasculature as
well as by chronic inflammation. These impediments to
effective wound healing are all interconnected. Efforts to repair damaged skin should take these multiple deficits
into consideration.
In the present study, we show that topical pretreatment
with a combination of two natural products—i.e., curcumin
and ginger extract—improves healing of subsequently in-
duced abrasion skin wounds in corticosteroid-treated rats.
No irritation was observed in the treated animals at any time
during the pretreatment phase or during wounding/wound
healing. How the combination of curcumin and ginger ex-
tract functions to improve wound healing in corticosteroid-
damaged skin is not fully understood. The two agents have a
variety of effects that could contribute.22–31 Taking past ob-
servations into account along with the findings presented
here, we hypothesize that the two agents act through com-
plementary mechanisms. A major contribution of the ginger
extract, we suggest, is to increase vascularity and blood flow
in the repairing tissue, while the major effect of curcumin is
on matrix remodeling. Rats pretreated with ginger extract
had a greater number of vessels in the skin than were seen in
control rats or rats treated with curcumin alone. In contrast,
type I collagen levels were higher in skin from rats pretreated
with curcumin (alone or with ginger extract) than in the skin
of control rats or rats pretreated with ginger extract. Obvi-
ously, additional studies will be needed to substantiate this
overall hypothesis. At the present time, we are using human
skin in organ culture to help elucidate the mechanisms by
which this combination of moieties might work. In the hu-
man skin culture system, the ginger extract raises the level of
MMP-1—known to be associated with vascular growth into
collagen39—while curcumin has a strong positive effect on
collagen synthesis and suppresses the increase in MMP-1 in-
duced by ginger (manuscript in preparation). These data
provide a basis for our suggestion that the two agents have
Figure 3. Abrasion wound healing in control hairless rats and
hairless rats treated with Temovate plus either DMSO, cur-
cumin, ginger extract or the combination of curcumin and gin-
ger extract. Values represent the percentage of the wound that
is closed and scab-free at each time point. Values are based on
nine animals per group. Differences were evaluated statistically
(analysis of variance followed by paired group comparisons).
nStatistically significant difference from the Temovate alone
group at p < 0.05.
Figure 4. Soluble collagen (Western blotting) in organ culture
fluid of skin from control rats and from rats treated with Tem-
ovate plus vehicle, curcumin, ginger extract or curcumin, and
ginger extract. The biopsy was taken from an area within the
initial abrasion wound margin at the time of wound closure.
Values are means and standard deviations based on organ cul-
tures from nine rats per treatment group. Values were analyzed
for statistical significance by analysis of variance followed by
paired group comparisons. nStatistically significant difference
from the Temovate plus vehicle group at p < 0.05. Inset: Rep-
resentative Western blots of organ culture fluid from each of
the treatment groups.
Figure 5. MMP-2 and -9 (gelatin zymography) in organ culture
fluid of skin from control rats and from rats treated with Tem-
ovate plus vehicle, curcumin, ginger extract or curcumin and
ginger extract. The biopsy was taken from an area within the
initial abrasion wound margin. Values are means and standard
deviations based on organ cultures from nine rats per treat-
ment group. Values were analyzed for statistical significance by
analysis of variance followed by paired group comparisons.
nStatistically significant difference from the Temovate alone
group at p < 0.05. Inset: Representative gelatin zymograms of
organ culture fluid from each of the treatment groups.
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complementary effects. It should be noted that these are not
the only potential mechanisms by which the two agents may
work. A number of past studies have shown that curcumin
and, especially, ginger extract have anti-oxidant properties
and broad anti-inflammatory activities.23–25,28,30,31
An important question concerns the active moieties
in each of the two botanical preparations. The Indian spice
turmeric (C. longa) contains three major curcuminoids,
namely, curcumin, demethoxycurcumin, and bisdemethoxy-
curcumin. Curcumin is the principal curcuminoid in
tumeric.27 The curcumin preparation used here is > 95%
pure. The ginger root22 is also a source of multiple biolog-
ically active moieties, including 6-gingerol, 8-gingerol, 10-
gingerol, 6-paradol, 6- shagoal, and cassumunin. 6-Gingerol
is the most abundant analog in the extract used here, and
represents approximately 22% of the total extract. At pres-
ent, we cannot rule out contributions frommultiple moieties
in the ginger extract. However, in vitro studies have showed
that 6-gingerol purified to > 95% appears to have the same
activities as the crude extract itself (unpublished). Whether
the preparation that is ultimately developed makes use of
the ginger root extract or one or more of its individual con-
stituents will depend on the outcome of future studies. The
fact that both curcumin and ginger are readily available in
nature should foster future development efforts. Alterna-
tively, synthetic curcuminoids and synthetic gingerols are
also available.27 If it can be shown that the synthetic moi-
eties have wound-healing potential similar to that of the
natural compounds, these should also be considered for de-
velopment. The goal, ultimately, is to have a preparation
that is inexpensive to prepare so that individuals at risk for
the development of nonhealing skin ulcers can utilize it on a
long-term basis as a wound preventative.
In summary, while many different approaches have
been (and are being) tried to improve healing of wounds
when they occur in atrophic or damaged skin, what we
propose here is a strategy for improving structure and
function in skin before injury. The assumption is that if the
skin is healthier, it will be less likely to develop chronic
wounds after the minor scrapes and bumps that periodi-
cally occur. Healthier skin should heal more efficiently
when minor injuries occur, and therefore, be less likely to
form the chronic, nonhealing ulcers that are a major prob-
lem for aged individuals, people on chronic corticosteroid
use and especially people with diabetes. While our vision is
a topical product containing a combination of curcumin
and ginger, both agents have been used orally. Thus, it is
conceivable that beneficial effects could be attained sys-
temically with these agents provided as a nutritional sup-
plement. Because both agents are listed by the US Food
and Drug Administration as Generally Recognized as Safe
(GRAS), and have a long tradition of use in humans, there
is no reason why studies should not be undertaken to de-
termine if delivery through either route provides sufficient
skin improvement to warrant full-scale development.
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